Background. Guidelines currently provide conflicting recommendations regarding the diagnosis of group A streptococcal (GAS) pharyngitis in adults. Clinical guidelines state that negative rapid antigen detection tests (RADTs) do not require confirmation by a backup method in adults, whereas laboratory-based guidelines mandate confirmation of a negative RADT in patients of all ages. The objective of this study was to assess the utility of reflexive culture following a negative RADT in adolescents and adults with suspected GAS pharyngitis.
Sore throat is one of the most common complaints encountered in the outpatient setting [1] . Bacteria are responsible for 5%-15% of acute pharyngitis, with group A streptococci (GAS; Streptococcus pyogenes) the most common etiology [2] . Not all patients with GAS pharyngitis require treatment. Mild GAS pharyngitis is generally self-limited, and significant nonsuppurative sequelae (eg, rheumatic fever and poststreptococcal glomerulonephritis) are rare in adults. In addition, some believe that treatment of pharyngitis contributes to the problem of antibiotic overuse [3] . However, studies indicate that antimicrobial therapy can prevent complications, decrease infectivity, and ameliorate symptoms, particularly in individuals with severe symptoms [4] [5] [6] . Thus, an accurate diagnosis of GAS pharyngitis in the appropriate clinical setting can identify patients in whom therapy is beneficial.
GAS pharyngitis symptoms overlap with other respiratory infections, making clinical diagnosis unreliable. Four characteristics termed the Centor criteria aid clinicians in predicting the probability of GAS pharyngitis [7] : tender anterior cervical lymphadenopathy, history of fever (>38°C), tonsillar exudate, and absence of cough. These criteria, developed >30 years ago, have since been validated as a decision-making tool across a variety of settings and remain in use today [8, 9] . A modified version, the McIsaac score [10] , adjusts the Centor score based on patient age and performs similarly to the Centor score [9] . The gold standard for the diagnosis of GAS in the clinical laboratory is throat swab culture, but performance is dependent on appropriate collection and culture techniques to achieve >90% sensitivity [11, 12] . Culture has the added advantage of identifying other causes of acute bacterial pharyngitis, such as group C and group G streptococci and Arcanobacterium haemolyticum, but requires a longer turnaround time (24-48 hours). GAS-specific RADTs provide rapid results but sensitivity is only 55%-85% [13, 14] .
Several guidelines for the diagnosis and treatment of GAS pharyngitis in adults have been published. However, current diagnostic recommendations are conflicting [3, 15] . The Infectious Diseases Society of America (IDSA) guidelines recommend performing an RADT on adults clinically and epidemiologically suspected to have GAS pharyngitis, with negative results sufficient to exclude the diagnosis [11] . This recommendation is based on the lower prevalence of GAS pharyngitis in adults compared with children, and the rarity of rheumatic fever in industrialized countries [11] . The American College of Physicians-American Society of Internal Medicine (ACP-ASIM) guidelines use clinical criteria to identify patients for whom testing is indicated [16, 17] . No testing is recommended for patients with Centor scores of 0 or 1. For scores of 2 or 3, microbiologic confirmation is recommended. Patients with a positive result are treated with antibiotics, and those with a negative result receive conservative care. For patients with Centor scores of 4, antibiotics are recommended with or without laboratory confirmation [16, 17] . Reflexive culture in adults following negative RADT is not recommended by the ACP-ASIM. The latter guidelines have been endorsed by the Centers for Disease Control and Prevention (CDC), provided that the local RADT sensitivity is 80% [18] . The ACP-ASIM also endorses an alternative strategy of empiric treatment of individuals with Centor scores of 3 or 4, without laboratory testing in patients with lower Centor scores [16, 17] . Other US guidelines (American Heart Association, Institute for Clinical System Improvement) continue to recommend reflexive throat culture in adults with negative RADTs [15] .
Despite the IDSA and ACP-ASIM recommendations, many clinical microbiology laboratories in the United States continue to perform throat cultures in patients with negative RADTs. Confirmation of a negative RADT with another method is required by the College of American Pathologists, Joint Commission [19] ( pending review of RADT sensitivity) and the US Food and Drug Administration (FDA) [20] . According to the FDA, performance of an RADT without a backup method constitutes off-label use [20] . The clear disagreement between US clinical and laboratory guidelines has created a controversy regarding the optimal diagnostic approach for GAS pharyngitis. The current study assessed the utility of backup cultures in adolescents and adults to test the hypothesis that RADT use alone will miss a substantial number of patients with GAS pharyngitis and associated clinical sequelae that may benefit from treatment. The study population consisted of individuals with clinical pharyngitis and a negative RADT followed by a positive GAS throat culture, as this represents the cohort affected by the performance of reflexive culture.
METHODS

Study Design
This study was conducted at the University of Washington Medical Center (UWMC) and Harborview Medical Center (HMC) in Seattle, Washington, which also perform testing for affiliated clinics in Seattle. The study was conducted under a protocol approved by the University of Washington Institutional Review Board and conformed to Health Insurance Portability and Accountability Act regulations.
Using the laboratory information system, we identified all patients 13 years of age and older with a negative RADT and positive GAS culture between 1 January 2000 and 31 December 2011. Throat cultures were performed at the UWMC or HMC clinical microbiology laboratories, where it is the policy for all negative RADTs to be reflexively followed by a backup throat culture. Clinic locations not adhering to this policy were excluded from the study. Additionally, patients in whom a standalone RADT was performed without culture were excluded from the study, as were patients with a negative RADT followed by a negative throat culture. Patient records were reviewed and information was extracted based on the study parameters listed below. A total of 1023 patients were identified that met the above parameters; however, 297 were eliminated from the study due to absence of a note corresponding to the respective culture date or an inadequate description of clinical symptomology. This resulted in a total of 726 study patients undergoing analysis.
Study Parameters
The following variables were extracted from patient medical records: sex, age, RADT and throat culture dates, culture result, and ordering location. Presence of the following symptoms were recorded: sore throat, absence of cough, tender or swollen anterior cervical lymphadenopathy, trismus, odynophagia, tonsillar swelling or exudate, fever (temperature >38.0°C/100.4°F), and leukocytosis (>10 4 cells/mL). Suppurative (eg, peritonsillar abscess) or nonsuppurative (eg, acute rheumatic fever) complications of GAS pharyngitis were also noted. The modified Centor score [10] was calculated by assigning 1 point for each of the following symptoms: tender or swollen anterior cervical lymphadenopathy, absence of cough, tonsillar swelling or exudate, and fever. One point was added for patients aged 13-14, and 1 point deducted for patients aged ≥45 years. Patients assigned a score <0 or >4 were designated as 0 or 4, respectively. In addition, data were recorded regarding antibiotic treatment and whether treatment was initiated empirically or based on the culture result. A standardized data collection form was used to review medical records. To exclude reviewer bias, another author separately analyzed 15 of each author's records. No statistically significant differences were observed for any parameter.
Laboratory Diagnosis
Two RADTs were used during the study: The BioStar Strep A OIA (Inverness Medical, Louisville, Colorado) and OSOM Ultra Strep A Test (Sekisui Diagnostics, Lexington, Massachusetts). Following a negative RADT, a second throat swab was anaerobically cultured on sheep blood agar at 37°C for 48 hours. Anaerobic conditions improve sensitivity by enhancing the hemolytic phenotype of GAS and suppressing growth of other oropharyngeal flora [21] [22] [23] . Catalase-negative, large-colony, β-hemolytic, gram-positive cocci were isolated and latex agglutination performed with antibodies to the group A, C, or G Lancefield polysaccharide antigens. Arcanobacterium haemolyticum was considered if a Gram stain of isolated colonies revealed gram-positive rods. Anaerobic cultures to detect Fusobacterium necrophorum were not performed. Growth was scored semiquantitatively, with 1+ representing growth in the first streak area, up to 4+ representing growth in all 4 streak areas. Only patients with cultures positive for GAS were included in the clinical analysis.
Statistical Analysis
Eight parameters (sore throat, absence of cough, anterior cervical lymphadenopathy, trismus, odynophagia, tonsillar swelling/ exudate, fever, and leukocytosis) were compared in adolescent and adult populations using a nonparametric χ 2 analysis with Bonferroni correction and adjusted P value <.00625 for significance. A nonparametric χ 2 analysis was also applied to treatment and complication data in adults and adolescents using a P value <.05 for significance.
RESULTS
Over the 11-year period, 25 786 patients aged 13 years and older had RADT performed upon presentation with pharyngitis. RADT was positive in 3453 (13.4%) patients (Figure 1 ). Of 21 284 negative RADTs that were reflexively cultured, 1023 were positive for GAS (4.8%) (Figure 1 ). Of these, 726 had sufficient clinical documentation to be included in the data analysis. Sensitivity for RADTs performed over the study period was 76.3%. This was calculated using the total number of true positives (3453) and an extrapolated false-negative value of 1073 based on 22 333 negative RADTs. Using an unextrapolated false-negative value of 1023 increased sensitivity to 77.1%. Figure 1 . Number and results of rapid antigen detection tests and throat cultures performed on patients aged >12 years during the study period. Abbreviations: GAS, group A streptococci; RADT, rapid antigen detection test. Table 1 highlights results for patients with negative RADT and positive GAS culture. Of 726 patients, absence of cough was noted in 491 (67.6%), tender or swollen anterior cervical lymphadenopathy in 373 (51.3%), tonsillar swelling or exudate in 341 (47.0%), and fever in 100 (13.8%). Of note, RADT missed 29 patients (4.0%) with peritonsillar abscesses and 2 (0.28%) with acute rheumatic fever. Overall, 68.7% (499/726) of patients with negative RADT and positive culture were treated for acute bacterial pharyngitis. Culture results specifically triggered initiation of therapy in 217 of 499 (43.5%) patients.
The distribution of modified Centor scores indicates that the RADT failed to detect some patients with high scores; 55% of the patients with negative RADT and positive GAS culture had modified Centor scores ≥2 (Figure 2A) . Similarly, RADT missed patients with substantial quantities of GAS recovered from culture, as 77% of cultures had ≥2+ growth ( Figure 2B ). Modified Centor score did not correlate with bacterial burden, as a range of culture quantities were observed in patients with modified Centor scores ranging from 0 to 4 ( Figure 2C ). Treatment decisions were correlated with modified Centor score; 82.4% of patients with scores of 4 were treated, whereas only 51.9% of patients with scores of zero received treatment ( Figure 2D ).
IDSA guidelines distinguish between diagnostic recommendations for adolescents and adults [11] . However, our results revealed little difference between adolescents (13-17 years) and adults (≥18 years) for the parameters analyzed (Table 2 ) (all comparisons P > .00625). Similarly, there were no statistically significant differences in the incidence of peritonsillar abscesses or in antibiotic treatment between adolescents and adults (P > .05).
Peritonsillar abscesses were demonstrated in 29 patients with negative RADT and positive GAS culture in our study population. This complication was more likely in men (79.3%) than in women (20.7%), with the mean age at presentation 30 years ( Table 2) . As anticipated, patients with a peritonsillar abscess at the time of presentation had a high modified Centor score (93.1% had modified Centor score ≥2), and treatment was typically administered on presentation. Similar bacterial quantities were observed in patients with peritonsillar abscesses and the overall study population, again reflecting that bacterial burden did not correlate with modified Centor score.
DISCUSSION
To our knowledge, this is the first study to specifically document clinical characteristics of patients presenting with sore throat Figure 2 . A, Modified Centor scores, ranging from 0 to 4, of all study patients. B, Culture quantity, ranging from one colony to 4+, of all study patients. C, Correlation of modified Centor score to culture quantity. D, Percentage of patients treated based on modified Centor score. Quantity of colonies: 1+, growth in first streak area of the agar plate; 2+, growth in first and second streak areas; 3+, growth in first, second, and third streak areas; 4+, growth in all 4 streak areas.
with negative RADT and culture-documented GAS. Our findings highlight the disparity between clinical and laboratorybased diagnostic guidelines concerning backup throat cultures. Current clinical guidelines [11, 16, 17] recommend standalone rapid testing in adults based on the assumptions that GAS pharyngitis is rare in adults (as low as 5% in studies cited by the IDSA), and patients with negative RADTs have mild clinical presentations and low complication rates. We show that both assumptions are unwarranted.
RADT sensitivity at our institution (76.3%) is similar to that reported at other institutions with similar patient populations. Accordingly, we would be deficient under CAP, CDC, and Joint Commission guidelines, if negative RADT results were not confirmed by an alternative method. We retrospectively analyzed medical records of patients with negative RADTs and positive GAS cultures as representative of patients in whom the diagnosis of GAS pharyngitis would be missed by currently recommended clinical diagnostic algorithms [11] .
In our population, RADT failed to detect 55% of patients with modified Centor scores ≥2, indicating that had a backup method not been performed, many patients who could benefit from treatment would be missed. A substantial bacterial burden (≥2+) was present in 77% of culture-positive patients with negative RADT. These results are in disagreement with previous studies suggesting that GAS RADTs are subject to spectrum bias (ie, greater likelihood of a false-negative RADT result when low quantities of bacteria are present) [24, 25] . RADT sensitivity did not correlate with disease severity (Centor score) or bacterial burden in our study. An analysis comparing adolescents and adults was performed, as certain guidelines [11] make a distinction in diagnostic testing recommendations for these 2 populations. However, this comparison revealed no significant differences in the clinical presentation, rates of poststreptococcal complications or treatment of patients in either group. Our findings argue against specifying separate GAS diagnostic testing guidelines for adolescents and adults.
Poststreptococcal complications of GAS pharyngitis were observed in a substantial number of patients with negative RADTs. Specifically, 29 patients with negative RADTs had peritonsillar abscesses. Of note, 28 of 29 patients presented with the complication and were treated prior to microbiologic confirmation (1 of the 29 patients was discharged without antibiotic treatment but returned the following day with an abscess requiring incision and drainage). Some have interpreted the tendency for patients to present with peritonsillar abscess on initial presentation as evidence that antibiotics are unlikely to prevent suppurative complications of GAS pharyngitis [17] . However, it remains possible that additional cases of peritonsillar abscess may have been prevented by antimicrobial treatment for pharyngitis [26] . Acute rheumatic fever was diagnosed in 2 patients. At the time of presentation, both patients met the Jones criteria for the diagnosis of rheumatic fever [27] and had evidence of infection based on positive throat cultures and anti-streptolysin O titers. Our results indicate that a reliance on RADT alone will miss some patients with serious sequelae of GAS pharyngitis.
This study shows that primary care providers use culture results to initiate antimicrobial therapy in adults with pharyngitis, as 43.5% of those treated received antibiotics based on their throat culture results. In these patients, it was common to find a record of communication of culture results to the patient and a subsequent prescription sent to the pharmacy. This is similar to a study of 953 patients with negative RADT and positive GAS DNA probe, where 51% were prescribed an antibiotic based on the probe result [28] . Although it has been demonstrated that therapy initiated within the first 2 days of illness results in more rapid clinical improvement compared with delayed treatment [29, 30] , patients may still benefit from treatment up to 7 days after onset of symptoms [6] . An important reason to treat GAS pharyngitis is the substantial reduction in communicability within 24 hours of appropriate antimicrobial therapy [31] . Even when delayed, therapy has been shown to be effective in preventing relapses and recurrences due to GAS [29, 30] . Initiation of penicillin therapy up to 10 days after symptom onset is effective in preventing rheumatic fever [32] .
When choosing a treatment algorithm for pharyngitis, clinicians face a difficult decision. Reliance on clinical presentation alone results in overtreatment, but reliance on rapid antigen testing results in undertreatment. Surveys of clinical practice indicate that primary care practitioners are not following the guidelines and suggest that overtreatment of pharyngitis continues to be a problem [33] . Appropriate use of rapid and culturebased diagnostic tests can reduce inappropriate antibiotic use while avoiding undertreatment of patients who can benefit from antibiotics. Throat cultures may also identify other streptococcal and nonstreptococcal causes of pharyngitis that warrant antibiotic therapy. Although not addressed in this study, treatment of group C and group G streptococcal infection also reduces clinical symptoms of pharyngitis [6] , and treatment of patients with Fusobacterium necrophorum [34] [35] [36] may prevent progression to Lemierre syndrome, peritonsillar abscess, or persistent sore throat [7, 37] . Of 21 284 cultures performed in this study, 2 grew A. haemolyticum (0.009%), 965 grew group C Streptococcus (4.5%), and 480 grew group G Streptococcus (2.3%). In total, cultures identified pathogenic isolates in 2470 patients (11.6%) that would be missed by reliance on rapid testing alone.
Some limitations of our study must be noted. Due to feasibility, only patients with a negative RADT and positive GAS throat culture were examined. Second, patients with acute pharyngitis are almost exclusively seen in the outpatient setting and are commonly lost to follow-up. Therefore, additional cases of suppurative and nonsuppurative complications due to progression of disease may have been missed. Furthermore, of the 4.3% of patients with a negative RADT and positive GAS culture, it is uncertain how many of these patients represent colonization vs true infection. However, all patients included in the study indicated sore throat as the primary reason for seeking medical attention. Only 14.6% of the patients had modified Centor scores of zero, indicating that the majority had at least 1 sign or symptom associated with GAS pharyngitis. Finally, although definitive determination of the clinical impact of reflexive culture can only be determined by a prospective clinical trial, our retrospective study shows that the theoretical basis of current clinical guidelines regarding culture is flawed.
In summary, confirming negative RADT results with throat culture in adults with acute pharyngitis increases detection of true GAS infections, including some patients with serious complications, and identifies patients with negative RADTs that can benefit from antibiotics. Throat cultures assist primary care clinicians both by confirming a clinical diagnosis and by triggering initiation of appropriate antibiotic therapy. Sore throat is responsible for an estimated 6.7 million office visits by adults annually in the United States [38] . Extrapolation from the results of our study suggests that >250 000 cases of GAS pharyngitis in adults in the United States would be missed each year if RADT alone is used for diagnosis. Our observations support current laboratory guidelines [19, 20] mandating backup cultures to diagnose GAS pharyngitis in adults, while calling other clinical guidelines into serious question [11, 16, 17] .
